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or a letter that was absent from the preview display. Kahneman and colleagues hypothesized that 21 if features are bound into specific object files there should be a larger benefit for identifying 22 letters appearing within the same box twice (object specific preview effect) compared to 23 Serial dependence bridges distinct objects 5 responding to letters that had appeared in both displays, but in different placeholders (object non-1 specific preview effect), or letters absent from the preview display. The data supported this 2 hypothesis across a range of conditions. The authors concluded that there is a feature integration 3 mechanism that binds independent features into object files, leading to a cost when an 4 unexpected letter appears in a placeholder. 5 How does the serial dependence phenomenon relate to object-specific preview effects? In 6 both cases, past perception influences current perception, and in both cases these effects depend 7 on the similarity of past and present stimuli. One difference between the phenomena, as noted by 8 Fischer & Whitney (2014) , is that repeating objects leads to more accurate object identification 9 on the second presentation, while serial dependence studies show that current perception is made 10 less accurate by previous experience. This difference is not conclusive, of course, because the 11 object identification studies were based on categorical judgments about the second object, rather 12 than measurements of features along continuous dimensions. Still, Fischer and Whitney 13 tentatively suggested that the continuity field (used to explain serial dependence phenomena) 14 may provide a basic mechanism necessary for the creation and updating of object files (used to 15 explain object tracking phenomena). 16 If a continuity field introduces a bias to group and track object features, then it should not 17 bias features of one single object in the same way as two different objects. Features of a single 18 object are expected to be auto-correlated in time, and so perception may be usefully biased by 19 assuming continuity. In contrast, features of distinct objects may be completely uncorrelated in 20 time, and assuming continuity of features across objects can lead to erroneous perception. Thus, 21 we can test the continuity field explanation by measuring the magnitude of serial dependence 22 while manipulating factors that cause stimuli to be treated as separate objects. If continuity field 23 Serial dependence bridges distinct objects 6 mechanisms drive serial dependence, then these effects should be limited to individual objects, 1 or at least stronger within objects than across objects. However, if serial dependence is not 2 affected by object membership, then it seems implausible that it arises from a perceptual 3 continuity field or from other mechanisms that support object files or object tracking. 4 In order to manipulate objecthood in the current study we manipulated stimulus location 5 and color. We chose to manipulate location and color because they modulate object perception in 6 wide-ranging visual performance tasks. For example, Hommel (1998) had participants make a 7 precued left or right response to a red or green X or O stimulus appearing above or below 8 fixation. Next, the participants needed to identify a second red or green X or O using the same 9 response keys. He found that location and color repetitions between the first and second stimulus 10 affected object identification, even when they were task irrelevant. Color and/or location play a 11 role in object perception even when minimally attended to (Hommel, 2005) , when objects are 12 presented subliminally (Keizer, Hommel, & Lamme, 2015) , and when more complex stimuli are 13 used (Golomb, Kupitz, & Thiemann, 2014) . Furthermore, location is automatically integrated 14 with other stimulus features (Hommel, 2002) , may be preferentially processed (Chen, 2009 ) and 15 may determine which non-spatial features are integrated together (Kahneman, Treisman, & 16 Gibbs, 1992; Treisman & Gelade, 1980; van Dam & Hommel, 2010) . Indeed, even when color is 17 outside of an individual's attentional control setting (Folk, Remington, & Johnston, 1992) it can 18 lead to object-based processing effects (Carmel & Lamy, 2014; Huffman, Antinucci, & Pratt, 19 2018; Schoeberl, Ditye, & Ansorge, 2018) . As a whole, within the feature integration literature, 20 stimulus location and color have been found to be powerful features for differentiating objects. 21 To test how serial dependence varies with object membership, we employed a variation 22 of the Fischer and Whitney (2014) procedure in which stimulus features were manipulated so 23 Serial dependence bridges distinct objects 7 that sequentially presented stimuli were understood as being part of the same or different objects.
1
In Experiment 1, we presented the Gabor patches in blue or yellow, reasoning that individuals 2 would treat differently colored stimuli as different objects. In Experiment 2, we presented the 3 target stimuli to the left or right of fixation randomly on each trial, reasoning that individuals 4 would treat consecutive stimuli at separate locations as separate objects. Finally, in Experiment 5 3, we manipulated both stimulus color and location such that one color stimulus would always 6 appear at one location and the second stimulus would always appear at the other location. In all 7 cases, we asked participants to report the Gabor patch's orientation and measured the extent to 8 which any error was biased towards the orientation of the previous stimulus. To anticipate our 9 findings: we found the serial dependence effect, but did not find any effect of whether the 10 previous stimulus was likely perceived as the same object or a different object.
11

Experiment 1: Manipulating Stimulus Color
12
In Experiment 1, a Gabor patch always appeared at the same location (within a block of 13 trials) but its color could switch between consecutive trials. We asked: does the orientation of a 14 stimulus on a given trial affect the orientation judgments of the next stimulus only when they are 15 the same color (and might be the same object) or does it also transfer when the stimuli are two 16 different colors (and are unlikely to be the same object)? If the serial dependence effect is 17 sensitive to objecthood, we predict a significantly reduced serial dependence effect when 18 stimulus color switches across trials ( Figure 1 ).
19
Serial dependence bridges distinct objects 8 Gabor patch stimuli were sine wave gratings with a spatial frequency of 0.33 cycles per degree 11 presented in a 1.5° SD Gaussian contrast envelope. We used white noise patches to decrease 12 aftereffects. The white noise patches were smoothed with a 0.20° Gaussian kernel and windowed 13 in a 1.5° SD Gaussian contrast envelope. The Gabor patches could be blue (RGB: 000, 000, 255) 14 or yellow (RGB: 255, 255, 000). The fixation target was a white dot windowed in a 0.5° SD 15 Gaussian contrast envelope. The response bar stimulus was a white 0.61° white bar windowed in 16 a 1.5° SD Gaussian contrast envelope. The Gabor patch stimuli were presented 6° to the left or 17 right of fixation (manipulated between blocks). Participants responded using the left and right 18 arrow keys on a QWERTY keyboard. We presented the response bar at a random orientation. 19 We had participants use chin and head rests to maintain an approximate viewing distance of 44 20 cm.
21
Procedure. We presented the fixation target at the center of the display, where it 22 remained throughout the experiment. We instructed participants to maintain fixation throughout 23 Serial dependence bridges distinct objects 10 the experiment. After 2000 ms, a Gabor patch of random orientation was presented either 6° to 1 the left or to the right of the fixation stimulus, on the horizontal midline of the display. The 2 Gabor patch remained for 500 ms before offsetting and was followed by the white noise stimulus 3 that remained for 1000 ms. After 250 ms, the response bar appeared at the same location as the 4 Gabor patch stimulus. Using the left and right arrow keys, participants then rotated the response 5 bar to match the orientation at which they perceived the Gabor patch stimulus. Once they were 6 satisfied with the response bar's orientation, they pressed the spacebar to end the trial. trials. Across trial blocks the Gabor patch alternated between appearing to the left or right of 10 fixation. Within a block the Gabor always appeared at the same location. We did not 11 counterbalance the number of color repeats/switches. The orientations of the Gabor patch and the 12 response bar were determined randomly on each trial: the orientations were sampled 13 independently from a uniform distribution on the range [0, 180) degrees.
14 Analyses. For each trial, n, of the experiment we defined two categorical predictor 15 variables: one predictor tracked whether the color switched from trial n-1 to trial n; the other 16 predictor reflected the difference in orientation between the stimulus on trial n and the stimulus 17 on trial n-1. The orientation difference (orientation on trial n minus orientation on trial n-1) was 18 binned into one of 12 bins, each of 15° width, with bin centers at: -75°, -60°, -45°, -30°, -15°, 0°, 19 15°, 30°, 45°, 60°, 75. The dependent variable on trial n was the "response error", which was the 20 veridical presented orientation on trial n minus the subject-reported orientation on trial n. 21 If some form of serial dependence was present in the data, then the response error on trial 22 n should depend on the stimulus that was presented on trial n-1. Thus, to test for serial 23 Serial dependence bridges distinct objects 11 dependence, we tested whether the response error was the same across all orientation difference 1 bins. To instantiate the null hypothesis that the distributions of response errors have the same 2 mean across all bins, we used a permutation test. For each bin, we (i) generated surrogate data 3 for our bin by randomly permuting across trials the orientation difference value assigned to each 4 trial and (ii) calculated the mean response error for this surrogate data. This surrogate sampling 5 procedure was repeated 10,000 times to produce a distribution of surrogate values of the mean 6 response error, under the null hypothesis that response errors do not vary across bins. If fewer 7 than 5% of the surrogate mean errors in the null distribution were greater than the observed mean 8 error, we took this as evidence that the response errors in that bin were different from the mean 9 response errors across bins. This statistical procedure was performed for every orientation 10 difference bin, using data pooled from color repeat and color switch trials. The analysis was then 11 performed for each orientation bin, separately for color repeat trials and for color switch trials.
12
To measure whether the serial dependence differed for repeat and switch trials in each 13 bin, we again used a permutation procedure. We first combined the data from negative and 14 positive orientation difference bins, switching the sign of the response error from negative 15 orientation bin trials (since the serial dependence effect is symmetrical). We then generated 16 repeat-switch trial differences under the null hypothesis by (i) shuffling the condition labels 17 (switch/repeat) across the entire data set (across subjects) and recorded the difference in the 18 serial dependence effect for repeat trials and switch trials. Repeating this permutation procedure 19 10,000 times we generated a null distribution of repeat-switch difference values. We considered 20 there to be a significant effect of objecthood if the observed repeat-switch difference within a 21 given orientation bin was outside the inner 95% of values obtained through the shuffling 22 procedure.
23
Serial dependence bridges distinct objects 12
If the serial dependence effect is reduced by switching color, this should manifest as an 1 overall reduction in the magnitude of response error. Under the serial dependence model, the 2 response error is different for clockwise and counter-clockwise orientation differences.
3 Therefore, if the serial dependence effect is reduced by switching color, this reduction in 4 response error should occur in different directions for clockwise orientation difference trials and 5 for counter-clockwise trials. Furthermore, we expected that the switch-repeat differences should 6 be clearest at the orientations where serial dependence effects are largest: for orientation 7 differences between 15 and 45 degrees (Fischer & Whitney, 2014) . Therefore, to directly test this 8 phenomenon at the single-subject level: (i) within each subject, we extracted all data from the -9 15, -30, and -45 orientation difference bins (clockwise bins) bins and all data from the 15, 30, 10 and 45 orientation difference bins (counter-clockwise bins); (ii) for both clockwise and counter-11 clockwise bins separately, the response error on the n-th presented color repeat trial was paired 12 with the n-th presented color switch trial within a block; (iii) we computed the difference 13 between all repeat-switch pairs; (iv) separately for the clockwise and counter-clockwise data, we 14 computed 95% confidence intervals on the mean of the switch effects. Confidence intervals on 15 the mean of each distribution were computed by generating a distribution of the means across 16 10,000 surrogate datasets, each generated by sampling with replacement from the empirical 17 distribution. This process of computing means and confidence intervals on the switch effects was 18 performed separately for each subject and separately for the clockwise and counter-clockwise 19 bins within each subject.
20
Finally, following the analytical method used by previous serial dependence studies (e.g.
21
Fischer & Whitney, 2014) we modelled the data with a derivative-of-Gaussian curve, ( ) = 22 −( ) 2 . We fit the repeat trials and switch trials separately using the fminsearch function 23 Serial dependence bridges distinct objects 13 in MATLAB minimizing the sum of squared error. If the serial dependence effect is larger in 1 repeat trials, then the amplitude of the curve fit (parameter a) to the repeat data should be larger 2 than the amplitude of the curve fit to the switch data. We also tested for whether the serial 3 dependence effect differed between the repeat and switch conditions within individual 4 participants. To do so, we created surrogate data sets by scrambling the repeat/switch condition 5 labels (within each participant), we fit derivative-of-Gaussian curves to the repeat and switch 6 data, and we recorded the difference in amplitude between the two conditions. This was repeated 7 10,000 times. If the observed repeat-switch difference for a given participant was larger than 8 95% of the difference found in the permutated data, then the participant showed significantly 9 different serial dependence effects in the repeat and switch conditions.
10
Results
11
Overall, the mean response error was small (M = 0.83°) with small standard deviation 12 (SD = 14.8°) reflecting accurate performance. As can be seen in the left panel of Figure 1 , we 13 observed an overall serial dependence effect. When stimuli on consecutive trials were nearly the 14 same orientation, we observed little response error. As stimulus orientation became increasingly 15 different from the previous stimulus orientation the response error became significantly biased in 16 the direction of the previous stimulus orientation, consistent with the serial dependence effect. In (M = -0.169, p = 0.0728), 0° (M = -0.0154, p = 0.106), and 60° (M = -1.75, p = 0.910) bins.
22
Serial dependence bridges distinct objects 14
Notably, inconsistent with previous serial dependence research, the mean response error did not 1 return to baseline at either the -75° or 75° orientation bins.
2
Of most relevance to our central research question is the result that switching object color 3 did not reduce the serial dependence effect. We observed no systematic differences due to color 4 repeat/switch ( Figure 2 ). The mean of repeat response error minus switch response error was 5 indistinguishable from zero (Bonferroni corrected α = .0083) in the 0° (M = 1.38°, p = .111), 15°, 6 (M = 0.445, p = .608), 30° (M = 0.209, p = .807), 45° (M = 0.794, p = .359), 60° (M = 0.291, p = 7 .734), and 75° (M = -0.759, p = .381) bins.
8
That the serial dependence effect was unaffected by color repetition was further 9 supported by the derivative-of-Gaussian analysis. The mean difference between the amplitudes 10 of the curves fit to the repeat and switch data was 0.144° (SE = 0.715°), which did not differ from prior and with the scale setting of 1. This test indicated that the null hypothesis was 3.63 times 16 more likely than the alternative hypothesis that objecthood affects the serial dependence effect.
17
Serial dependence bridges distinct objects 15 Finally, we checked in individual subjects for an effect of color switching, focusing on 1 the 15°-45° range of inter-trial shifts, for which serial dependence effects are largest. This 2 analysis revealed no significant differences between repeat and switch trials for the clockwise or 3 counterclockwise rotation bins for any participants (Figure 3 ). For all subjects, and for both the 4 positive and the negative orientation bins, the 95% confidence intervals on the serial dependence 5 effect overlapped for switch and repeat bins. The data from Experiment 1 revealed a serial dependence effect: orientation judgments 14 were systematically biased toward the orientation of the previous stimulus. However, this serial 15 dependence effect was not detectibly affected by whether the stimulus repeated or switched 16 colors between trials. This finding is inconsistent with the notion that serial dependence reflects a 17 Serial dependence bridges distinct objects 17 mechanism for object-level perceptual continuity. A second, incidental finding, was that the 1 response errors were significantly different from zero even at the ±75° orientation difference 2 bins. This observation stands in contrast to both Fischer and Whitney (2014) and Fritsche and 3 colleagues (2017) who found that the response error returned to zero or turned negative, in some 4 cases. This may indicate that the interleaved color change manipulation is somehow affecting the 5 serial dependence effect. It is unclear why more difference between stimuli would lead the serial 6 dependence mechanism to apply across even more dissimilar stimuli. Although we observed a serial dependence effect in Experiment 1, we also found that it 9 existed even at the most extreme orientation bins, a result that differs from Fischer & Whitney 10 (2014). Therefore, in Experiment 2 we used location rather than color to manipulate objecthood.
11
By removing the color switch, we more closely approximate the Fischer and Whitney (2014) 12 design, and are once again to test for an effect of objecthood. In particular, we used grayscale 13 stimuli that could appear at either side of fixation. Since perceptual objects are addressed by their 14 location (Kahneman, Treisman, & Gibbs, 1992) , this manipulation may be more likely to lead to 15 repeatswitch differences. Additionally, when the stimuli repeat at the same location, the design 16 is essentially the same as the first experiment by Fischer and Whitney. This allows us to test 17 whether that response errors continue to be biased at the ±75° orientation bins even while stimuli 18 repeat in color and location as in prior studies. the right for 70 trials and participants completed nine trial blocks rather than eight. We did not 8 counterbalance the number of location switches/repeat, so there may have been small random 9 differences across subjects in the number of repeat/switch trials occurring on the left/right.
10
Results
11
Overall, the mean response error was small (M = 1.36°) with small standard deviation 12 (SD = 11.6°) reflecting accurate performance. Once again, we successfully replicated the 0.827, p = .158) and 60° (M = 1.57, p = 0.646). As stimulus orientation became increasingly 20 different from the previous stimulus orientation the response error became significantly biased in 21 the direction of the previous stimulus orientation. As in Experiment 1, the response error in the 22 Serial dependence bridges distinct objects 19 repeat condition did not return to the baseline mean response error in the -75° orientation bin or 1 the 75° orientation bin it approached the baseline error 2
In terms of the question as to whether objecthood affects the magnitude of serial 3 dependence, we did not observe any systematic differences due to the location switch (Figures   4   4) . The mean repeatswitch response error was not different from zero (Bonferroni corrected α 5 = .0083) in the 0° (M = 1.45°, p = 0.0138), 15° (M = -1.03°, p = 0.0837), 30° (M = 0.0874°, p = 6 0.885), 45° (M = 1.23°, p = 0.0404), and 60° (M = 0.878°, p = 0.136) orientation bins. There was 7 a significantly larger serial dependence effect in the repeat compared to switch condition in the 8 switch compared repeat condition in the 75° (M = -1.64°, p = 0.0063) orientation bin. We also measured at the repeatswitch difference within individual participants in the 2 clockwise and counterclockwise rotation bins separately (using only the 15° -45° bins within 3 each). As can be seen in Figure 5 , response errors in the positive and negative orientation bins 4 were indistinguishable in the repeat and switch conditions for all subjects.
5
Finally, the derivative-of-Gaussian analysis found no difference in the serial dependence 6 effect when location was repeated versus. switched. The mean location repetition effect was -7 0.64° (SE = 0.29°), which did not differ from zero, t(5) = 2.228, p = .076. At the individual 8 participant level, one participant showed a 4.13° larger serial dependence effect in the repeat 9 condition, p = .0270. Another participant showed a 1.71° larger serial dependence effect in the 10 switch condition, p = .0249. A Bayesian one-sample t-test indicated that the alternative 11 hypothesis was 1.434 times more likely, but in the opposite of the predicted direction. As in Experiment 1, we observed a systematic serial dependence effect. We further found 7 that the serial dependence effect was not detectibly different when the stimulus location repeated 8 or switched across trials. In Experiment 1 we found larger effects in the switch condition in the -9 45° and -15° orientation bins; in Experiment 2 we found that difference for the 75° bin, but 10 nowhere else. The fact that these differences are small, and of inconsistent direction, combined 11 with the absence of differences for any individual subject ( Figure 5) , suggest that there is no 12 systematic effect of switching location. Given this, our next step was to test whether an even 13 more salient manipulation of objecthood would reduce the serial dependence effect.
14 It is perhaps unsurprising that manipulating location did not affect the serial dependence 15 effect, as Fischer and Whitney (2014) found that the effect did not dissipate until stimulus Serial dependence bridges distinct objects 22 location differed by more than 20°. That said, the stimuli in that previous experiment appeared at 1 random locations across the visual display. It is possible that participants needing to monitor the 2 entire display for stimulus onsets may lead to the continuity field being more broadly tuned than 3 it would be in other contexts. In contrast, by using two locations we more closely replicate 4 studies that did find location-based object file effects (Colzato & Hommel, 2004; Hilchey, 5 Rajsic, Huffman, Klein, & Pratt, 2018; Hommel, 1998) . The absence of a location switch/repeat 6 effect in this experiment demonstrates the location-invariance of the serial dependence effect, 7 under conditions similar to those in which location switch/repeat is thought to affect the access 8 of object files. 9
Experiment 3: Manipulating Stimulus Color and Location 10
In Experiment 1 we manipulated objecthood by changing the color of the stimulus across 11 trials whereas in Experiment 2 we did so my manipulating stimulus location. Neither 12 manipulation altered the serial dependence effect. In Experiment 3, we manipulate both these 13 factors simultaneously in order to maximize the differences between the two objects and increase 14 the possibility of objecthood affecting the serial dependence effect. In this experiment, either a 15 blue or a yellow stimulus was presented on each trial, but a blue stimulus would always appear 16 left of fixation and a yellow stimulus would appear right of fixation. Given the suggestion that 17 objects are "addressed" by their locations (Kahneman, Treisman, & Gibbs, 1992) and color is 18 typically a salient feature (Theeuwes, 1992) , this procedure may lead to stronger object 19 differentiation and should prevent the serial dependence effect from transferring between objects. Stimuli and apparatus. The stimuli and apparatus replicated those from Experiment 1.
3 Procedure and design. The procedure matched that of Experiment 1, except for the 4 location of the stimulus. Rather than blue and yellow Gabor patches appearing at the same 5 location on each trial, each color always appeared on one side of the fixation stimulus or the 6 other. That is, for example, the blue stimulus always appeared on the left and the yellow stimulus 7 always appeared on the right. Whether the left/right stimulus was blue/yellow was alternated 8 across trial blocks. We did not counterbalance the number of location/color repeats/switches.
9
Observers completed nine blocks of 140 trials, leading to a total of 1260 trials per observer.
10
Results
11
Overall, the mean response error was small (M = 0.11°) with small standard deviation 12 (SD = 11.8°) reflecting accurate performance. As can be seen in the left panel of Figure 6 , we 13 again found a serial dependence effect. Specifically, the observed response error was 14 significantly different from zero in the -75° (M = -0.948°, p = 0.0094), -60° (M = -1.47°, p = 15 .0001), -45° (M = -1.95°, p < .0001), -30° (M = -2.51°, p < 0.0001), 15° (M = 4.03°, p < .0001), 16 30° (M = 2.06°, p < .0001), 45° (M = 2.83°, p < .0001), 60° (M = 1.28°, p = .0031), 75° (M = 17 1.43°, p = .0012). Once again, the overall response error in the ±75° orientation bins did not 18 return to baseline.
19
As for the repeatswitch difference, Figure 6 (right panel) illustrates that the repeat -20 switch response error was not different from zero (Bonferroni corrected α = .0083) in the 0° (M = 21 -0.443°, p = 0.440), 15° (M = 0.123°, p = 0.826), 30° (M = -0.929°, p = 0.107), 45° (M = -1.124°, 22 p = 0.0536), 60° (M = -1.409°, p = 0.0142), and 75° (M = -0.183°, p = 0.746) orientation bins. We again examined the repeatswitch difference within individual participants in the 11 clockwise and counterclockwise rotation bins separately. As can be seen in Figure 7 , this 12 analysis revealed no significant differences between repeat and switch trials for the clockwise or 13 counterclockwise rotation bins for any participants. 14 Finally, the derivative-of-Gaussian analysis again revealed no evidence that the serial 15 dependence effect differed by color/location repetition. The difference between the 16 color/location repeat and switch conditions was 0.37° (SE = 0.75°), which did not differ from 17 zero, t(6) = 0.492, p = .640. No individual participants showed a different serial dependence 18 Serial dependence bridges distinct objects 25 effect based on the color/location repetition condition, p > 0.15. A Bayesian, one-sample t-test 1 indicated that the null hypothesis was 2.56 times more likely than the alternative hypothesis that 2 objecthood affects the serial dependence effect. The results of Experiment 3 were consistent with those of Experiments 1 and 2. In this 9 case, we observed a serial dependence effect that was object non-specific even when consecutive 10 stimuli were differentiated by a change in color and a change in location. In addition, the mean 11 response errors remained significantly different from zero even at the ±75° orientation difference 12 bins.
13
General Discussion
14
Previous studies have observed serial dependence in perception. These dependences are 15 hypothesized to result from continuity fields: regions of space in which perceived stimulus 16 Serial dependence bridges distinct objects 26 features are biased in the direction of previous stimuli within that space. In this way, the 1 continuity field can support perceptual continuity over time. To be adaptive for visual 2 perception, however, the biasing effect should be applied only to stimuli that are sufficiently 3 similar to previous stimuli within the field. If one object's features ubiquitously biased the 4 features of a separate object, then the continuity field would become maladaptive. Therefore, we 5 tested whether the continuity field was invariant to object-level similarity by manipulating 6 factors that cause stimuli to be perceived as different perceptual objects.
7
Our study produced two consistent findings. First: we observed no reliable reduction in 8 serial dependence between stimulus pairs that should be perceived as different objects. We 9 manipulated color (Experiment 1), location (Experiment 2), and color and location 10 simultaneously (Experiment 3). For each manipulation we observed that serial dependence was 11 indistinguishable for consecutive stimuli that should be perceived as the same object or as 12 different objects. Second, we found evidence the serial dependence effect arises from an 13 interaction between perceptual features and internal response variables: responses were weakly 14 biased towards the previous stimulus even when that previous stimulus had a very dissimilar 15 orientation (more than 70 degrees rotated) from the current stimulus. This was the case in all 16 three experiments, including the repeat condition of Experiment 2 which closely approximates 17 Experiment 1 from Fischer and Whitney (2014).
18
Our interpretation of these results rests on the assumption that manipulating color and 19 location is sufficient for causing individuals to perceive two stimuli as two different objects. We 20 chose to manipulate color and location because of the extensive evidence that these two features 21 are integrated into object representations, even when task-irrelevant (e.g., Hommel, 1998; 22 Hommel & Colzato, 2004; Hommel, Memelink, Zmigrod, & Colzato, 2013; Quinlan, 1998) .
23
Serial dependence bridges distinct objects 27
This is the case in stimulus identification tasks (Hilchey, Rajsic, Huffman, & Pratt, 2017a, 1 2017b), in priming of pop-out tasks (Krummenacher, Müller, Zehetleitner, & Geyer, 2009) , and 2 in attentional cueing tasks (Huffman, Al-Aidroos, & Pratt, 2016; Huffman, Antinucci, & Pratt, 3 2018). The effects of location and color persist even when manipulations are applied in the 4 attempt to eliminate object-based effects (Hilchey, Rajsic, Huffman, & Pratt, 2017a , 2017b .
5
Overall, the strength of object-integration effects relating to color and location across diverse 6 paradigms support our assumption that objects appearing in different locations and/or colors 7 were perceived as different objects. Beyond our manipulation of the target's visual features, it is 8 notable that two targets were separated by more than 3000 ms and during that interval a white 9 noise mask and adjustment bar appeared at the target's location. So, the targets were temporally 10 segregated and the stimulus last associated with a target's location was the response bar, not the 11 target stimulus.
12
While our findings are difficult to reconcile with a purely perceptual model for the serial 13 dependence phenomenon, they are consistent with models that combines perceptual and properties (e.g., that two consecutive Gabor patches should have similar orientation). Assuming 18 continuity has the benefit of enhancing continuity (smoothness of change) in perception. Also, 19 under noisy conditions, the continuity assumption can enhance the accuracy of perception, as 20 long as the continuity assumption is correct. However, the continuity assumption is less likely to 21 be correct when consecutive visual properties are sampled from distinct objects: physical 22 properties of the world vary gradually over time within objects (e.g., a rotating soccer ball), but 23 Serial dependence bridges distinct objects 28 can vary discontinuously across distinct objects (e.g., two different soccer balls). Substantial 1 evidence indicates that the continuity field must arise from a perceptual contribution and is not a 2 purely decisional (or even motoric) phenomenon. A purely motoric account can be ruled out by 3 the fact that serial dependence persists even when a motor response is not required. Fischer & 4 Whitney (2014) interleaved trials that did and did not require a motor response. They found that 5 serial dependence was equally large when no motor response was produced for the preceding 6 stimulus.
7
What is the evidence for a perceptual contribution to serial dependence? Firstly, the 8 magnitude of serial dependence depends on the similarity of the present and prior visual features, 9 a factor that is independent to the response decision on each trial. In the present experiments, we 10 did not observe serial dependence returning to baseline for near-orthogonal stimuli, but we did 11 replicate the finding that that serial dependence was strongest effects for 15-45° orientation 12 differences. A second piece of evidence for a perceptual contribution is that serial dependence is 13 reduced when objects pass behind an occluder and reappear at an inconsistent (as compared with What is the evidence for a non-perceptual contribution to the serial dependence Gabor patch followed by a bar that they adjusted to match the stimulus orientation) with same-1 different judgment trials (participants saw two stimuli and needed to report whether they were 2 the same or different). Fritsche et al. reasoned that if the serial dependence effects are perceptual, 3 they should appear on the same-different judgments, a reporting method that is more bias free 4 than the method of adjustment (Schneider, 2006) . However, they found that orientation 5 perception on same-different trials was actually repulsed from the previous stimulus's 6 orientation, a spatially specific effect that is consistent with previous research (Campbell & 7 Maffei, 1971; Gibson & Radner, 1935) . Fritsche et al. (2017) also observed that the magnitude of 8 the serial dependence effect was increased when the delay between perception and judgment was 9 increased (see also : Bliss, Sun, & D'Esposito, 2017) . This observation is inconsistent with a 10 mechanism that enhances the spatiotemporal continuity of perception. Altogether, the data of dependence. The serial dependence effect was unaffected when stimuli changed color and/or 16 location across trials. If a continuity field biases perception of distinct objects as if they were the 17 same object, this would appear to be disadvantageous for accurately comparing and successfully 18 distinguishing objects. Additionally, our data indicated that serial dependence was observed even 19 for consecutive stimuli with very different orientations. Altogether, these findingsspatial non-20 specificity, object non-specificity, and serial dependence for dissimilar featuresare most Liberman et al., 2016) . We propose that the internal response bias is reset at so-called "event 5 boundaries", which occur when a surprising event occurs in the environment. This possibility is 6 supported by findings of cognitive effects being eliminated or reversed if the two relevant events 7 are more strongly differentiated in some way (Akyürek, Taffanin, & Hommel, 2008; Pfister, 8 Kiesel, & Mechler, 2010) and is also consistent with the literature on event boundaries in 9 learning and memory (e.g. Botvinick, 2012). One novel prediction of this model is that the serial 10 dependence effect should be larger following runs of large response errors in the same direction 11 as the systematic error would accumulate in the response variable. To test this prediction, an 12 experiment would need to be designed to induce larger and more consistent response errors than 13 observed in the standard serial dependence design. 14 The simple model we have proposed could also be extended to be an optimal integration 15 model (e.g. see the Bayesian integration model proposed by Cicchini, Anobile, & Burr (2014)).
16
In this case, the parametrization of the combination function ( ( ), ( ) ) could be inferred increased as the duration between stimulus presentation and the response increased. They 21 interpreted this finding as evidence against a perceptual explanation of the serial dependence 22 effect as the perceptual evidence is the same in both cases and evidence that during the retention 23 Serial dependence bridges distinct objects 31 interval the working memory bias becomes increasingly biased towards the previous stimuli 1 (Huang & Sekuler, 2010) . Such an interpretation is certainly possible within the current model if 2 the contribution of 1 ( ) increases relative to the contribution of 1 ( ) as the interval between 3 the stimulus and response increases (Pertzov, Bays, Joseph, & Hussain, 2013; Wei, Wang, & 4 Wang, 2012), causing the response threshold to be passed at an orientation further away from the 5 true orientation.
6
A noteworthy aspect of the current design is that we manipulated perceptual features that 7 belonged exclusively to the figure (as opposed to the ground) of the display. It remains possible 8 that manipulating background features could impact the serial dependence effect: the visual 9 system should not apply a continuity field to two objects appearing within different contexts (e.g. 10 similar looking objects in different rooms). Indeed, background color changes have been shown 11 to reduce or eliminate the serial dependence (Kiyonaga, Manassi, D'Esposito, Whitney, 2017).
12
Of course, changes in background features (e.g. room features, which indicate the current context 13 for perception and action) could also be expected to reset internal decision/response variables, so 14 the observation of background-feature effects is not diagnostic between perceptual and non-15 decisional models of the serial dependence effect. Still, the different contributions of figure and 16 ground changes to the serial dependence effects remains an intriguing line of research.
17
In summary, in three experiments we tested the object specificity of serial dependence. 18 We reasoned that if the serial dependence effect arises from perceptual mechanisms, such as a 19 perceptual continuity field, then it should only transfer between stimuli that could be reasonably 20 inferred to be the same object across time. In contrast to this prediction, we found no evidence of 21 the serial dependence effect being object specific nor spatially specific when objects are 22 Serial dependence bridges distinct objects 32 differentiated by color, location, or both color and location simultaneously. This non-specificity 1 raises the possibility that the serial dependence effect is not simply perceptual. 2 We conclude that the serial dependence effect is unlikely to be explained by a perceptual 3 continuity field alone. Instead, it could result from interactions between perceptual features and 4 internal response variables. While there is likely a perceptual contribution to the process 5 producing serial dependence, we note that perceptual systems must balance the need to integrate (2014) suggested that a continuity field may be the 9 mechanism underlying object file maintenance, our findings cast doubt on this possibility. Object 10 updating studies commonly find that color and location link objects from one moment to the next 11 (Hilchey et al., 2017a (Hilchey et al., , 2017b Hommel, 1998; Hommel & Colzato, 2004; Hommel, Memelink, 12 Zmigrod, & Colzato, 2013; Quinlan, 1998), but color and location have little effect on the serial 13 dependence thought to arise from the continuity field. differentiation of features are applied across objects. One possibility is that the object-oriented 16 ventral stream applies a serial dependence mechanism that helps maintain object continuity while 17 the action-oriented dorsal visual stream applies a mechanism that heightens sensitivity to 18 potentially action relevant stimulus changes (Goodale, 2014; Goodale & Milner, 1992) . Such 19 phenomena at the border of perception and action are of special relevance for understanding 20 mental function and behavior in a continuously changing world. Akyürek, E. G., Toffanin, P., & Hommel, B. (2008) . Adaptive control of event 
